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|||| Motivations for Charm Studies

Standard Model
weak force - CKM elements
strong "
hadronic models, HQ symmetry:
spectroscopy, production, decay.
New physics
cancellations in SM -> probe for new physics
{Service}
for B physics: c-hadron branching fractions,
form factors via HQ symmetry
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Charm in the Region

ete™ = cC Z eTe™ = T(45) ? BB )
= )BT
~2 GeV/c? = m,~5 GeV/c?
<
incms, E_=E,, o~1 nb in cms, Ep=E,, o~1 nb

most c-hadrons have
p>(kinematic limit for b->c)

Well-defined (& measureablel) =

production rate, energy, clean:* |
(Continuum and B, each) E
Trigger efficiency ~ 100% T ,,\
Rate £x0~1034x10-33=10 Hz CRIN R RN N
Raw S/B ~1/3 Joxas xes) res) TR e

8 944 946 10.00 10.02 10.34 10.37 210.54 _1058 10.62

Data sample >108 events Mass GeViY) BB +hreshold

At B factories, J£(<4S)dt/ [ £(4S)dt~0.10 H
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more reasons to study charm @ beauty factory

High luminosity has produced many exciting results:
» gluon-mediated production - NRQCD models rate observed at TeVatron

not supported by e*e” data:
- Prompt J/vy softer than expectation (Belle: PRL 88, 052001 (2002))
- major source of J/ is double c-pairs, counter to expectation
(Belle: PRL 89, 142001 (2002)) .
- observation of exclusive e*e->D)D() (Belle: hep-ex/0401040)

* Hadronic insights
- new particles found thru reconstruction of B decay:
n. (Belle: PRL 89, 102001 (2002); 41.8 fb-1)
new excited D states
charmonium surprise: X(3872)
- surprises in D,
- DO->¢yy - first radiative D decay
- improved sensitivity to DD mixing
Presented here
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The Detector

SC solenoid
1.5T

Aerogel Cherenkov cnt.
n=1.015~1.030

Csl(TI) 16X,

TOF counter

8GeV e
_."-1—"-:;" " Tracking + dEldx
. ' -~ _small cell + He/C.H. B
% 1/ K, detection
53' :::ggts'n 14/15 lyr. RPC+Fe
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| & KEKB Collider
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DO mixing/CP

expect: DY mass eigenstate ~ CP eigenstate
CP=+1, -1 -> different final states

. omy — My | L
-> nonzero mixin = —
J Ti+T2/2 Y=T,7T,

in SM: x, y= O(1073) highly suppressed -> window on new physics

Methods:
1) Lifetimes, different modes
DO->K+K-, - (pure CP=+1), ©=1/T,
DO->K-mr* ’(Pjixe_d CP), < =1]/ [(1“|1_+F2)/ 2] (if CP conserved)
(K~ nT) T(K 7")

=> L : | ' _
y~ ————7—— — 1 - i) =EE
T~ KT) r{w—mwt)

2) Time evolution of wrorjléiflgv:or decays
DO->K*m~ - doubly Cabibbo-suppressed (DCS),
favored (CF)+mixing - interference
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DO mixing via lifetime ratio

Modes D->KK, K, tmr
Tagged: D™->DOmr
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Babar 91 fb-1: PRL 91,(%251801 (2003)
+U.Ovo
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Belle 158 fb-: hep-ex/0308034 SIS T s
Yp=(1.15+0.69+0.38)% (preliminary)
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|||| Mixing via tfime-dependent DO->K-mr*

'wrong-sign" (WS) D9->Km occurs via
double-Cabibbo-suppression (DCS):

< )T
mixing+Cabibbo-favored (CF) \42 i
DO {7 _5 | W W< ¢)D0 B0 e
’ d,s,b ] ’

Tag D flavor (WS/RS) by D™*->DOmr
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Mixing via time-dependent DO->K 1

Rate depends on DCS vs CF amplitudes +mixing:
P ; P 9 strong phase

R, = [Apcs| T = TCOSOKy + YSIM Oy  diff=s,,

~ | Acrl Y = —xsindp, + ycosdun
Bottom line: o
l'.‘ " ..{ : ra l }.{ﬁ_ [:, I h)“ | \ h);_] (J’f _ £ ol ’J

1
Babar 57.1 fb-1: PRL 91, 171801 (2003)

a a | ;e "

(] s b

] ™ 1000F o ) s

S 100 =

7] o —_

i E

S S

> > - .
0 {J—JL
4 -4 2 0 2 4

t(ps)
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Babar 57.1

K. Kinoshita

b-1: PRL 91, 171801 (2003

Results: fitted under assumptions w/wo mixing, CP violation

Fit case Parameter Central value 095% CL interval
=7=0) (10°%)  (j10°%)
P Fp &.1 2¢ < fp < 8.2
. ; Ap 1.2 —2 8 An <40
violation 02 - .2 5 1
all owed = B :
o 8.0 —56 < 3 < 30
Fi Fwm < 1.8
No OF RE E.l Qii ERE < 410
lolat o T :
R o 8.0 97 < 3 <123
Fig Fm < 1.3
- Fo — (0357 £0.000 (stat) £ 0.027 (syst. )%
Nomiing 4 _ 0005 +0.061 (stat.) + 0.083 (syst.)
i e i - TS (0.359+0.020 (stat.)£0.027 (syst.))%
or mixing
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Babar 57.1 fb-1: PRL 91, 171801 (2003

K. Kinoshita

| L L L L I L | I D | | B |
- _ il
0.04— =
0.02 -
. 1
-()
- '\\.. -
N \ i
-0.02— v
L -
B O Physical (¢ y) B .
0.04+ _ ® Central (x", y) No CPV —
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(Belle

. . . L. _ex/
Observation of first radiative D decay aceeridb pris

—— 5] T 30
D' W o oo/ W DO%->¢y (¢->K*K)
[Ig%;‘ . QE&J’L&T .

large bg from DO->¢m®

hort-di long-di : :
short-dclistance (expected 1o dominate)  (alSo first observation)

‘;520_— (a) D= 0Y dlSTngUISh by d->KK

° | helicity angle

& Ll 78.1 fb! distribution

@ +0.70 +0.15

5 B=[2.60 2061 -0.17 1x10-°

Q

(mainly long-distance proc;
HQ symmetry <-> B->py)

Also observed:
after bg DO->¢n’ (Cabibbo-suppressed)
subtraction B= [8 01+0.26+0. 47]X10"4
D°-> (color- sugpressed
e B=[1. 48+O 47+0.09]x10>
-1-05 0 051 -1-05 0 05 1

cos o0 cos 0
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Hadron spectroscopy: new {cs} states

lowest D, states: S .
S-wave: 1S, (M=1968 MeV/c?), 35S, (2112 MeV/c?) S,
P-wave: {j=3/2; JP=1* (2536 MeV/c?), JP=2* (2573 MeV/c?)
L
4/03 observation (Babar 91 fb! : PRL 90, 242001 (2003); jf [; T2
J+Se

D45(2317):->D 'm0, D->{(pmr KOK}->K K, mO->yy 7~
: - tentative: j=1/2, JP=0*

zz E - mass lower than predicted (exotic?)
" Sy D°K threshol , ,
:ii;rm D7 2112) e observation/mass confirmed:
D ego (CLEO 13.5 fb: PR D68, 032002 (2003))
o co0 E M(D,;)-M(D,)=350.0+1.2+1.0 MeV/c?
.

(M(D,;)=2318.1£1.2+1.1 MeV/c?)
(Belle 86.9 fb1: PRL 92, 012002 (2004))

S | M(D.,)=2317.2:0.5:0.9 MeV
100 D*, sidebands (Babar 91 fb': hep-ex/0310050)
o SO O T M(DSJ):23173iO4i08 MeV/c?

2.1 2.2 2.3 2.4 2.5

K. m(K*K n*n®) GeV/c* April 12, 2004 n



More new {cs}:

CLEO
Candidate for JP=1* partner by - IF-I  —Dsa
DSJ(2457):—>DS*+‘H’O, Ds*"'—)Ds""Y 2‘“‘ D." signal region b ‘_
(CLEO 135 fb!: PR D68, 032002 (2003))
M(D,;)-M(D,")=351.2+1.7+1.0 MeV/c? ‘%1“ M[L H\I“W L PHL nﬂ
(M(D,;)=2463.1:1.7+1.2 MeV/c2) = ﬂ‘,h"
(Belle 86.9 fbl: PRL 92,012002 (2004)) = of {h} S
M(D.;)-M(D,")=344.1+1.3+1.0 MeV/c? £ | :
(M(D.;)=2456.5+1.3+1.3 MeV/c?) 52" D" sideband region
(Babar 91 fb%: hep-ex/0310050) ’ ﬂ
M(D,;)=2458.0+1.0+1.0 MeV/c? .« PJU'JMW

?nu 200 500 400 500 600
Masses are lower than predicted; M(Doyx")-M(D<y) (MeVic)
D.;(2457)-D,;(2317) splitting is consistent w

potential model predictions for 1+-0°

K. Kinoshita April 12, 2004 H



Moseswnin

D.;(2457):->Dy, ->D 1, existence rules out 0
(Belle 86.9 fb-1 : PRL 92, 012002 (2004))

(2112) - {2536}
T » ¢ DJmim fj
s 40 = o7 |
2 =40
T ol I '
= 30 5 I | |
E 25 &30 H ... | !-:\_;:'!
20 20| * | p-' ‘il"rlil |
[5 “'1 | l
IO l ”I I[ Ir I|I i : 1
o : h ,
%}02030405060?08 ’ 045 0.5 0.55 g_ﬁlg.ag
M(Ds y) - M(Ds) (GeV/c?) M(Ds =" 7) - M(Ds) (GeV/c?)
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rate ratios

(Belle 86.9 fb1: PRL 92,012002 (2004))

Dor(e4oT) DY (2317)

Poiy . 0.5540.13+ 0,08 Bpz
Bpse B < 005 (90% CL)
BD*+’)’ 0
27 < (.31 (90% CL Bpe+

Botate  _ 01440044002  Borein .

BD:—}—WO 5 : . B;+ ) < d.x 1l (90% OL)
BD+71'0 S

0 < 0.21 (90% CL)

BD;H-WO

(Babar 91 fb%: hep-ex/0310050)
D} (2458)

BD;LJ(Q?’”)’Y

< 0.22 (95% CL)

BD:—I—,H.O
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New particles in B decays reconstructed at (4S5

In B decay:

B{ } charmonium  ynrestricted in JP,C
+\< -> spectroscopy
150 E.x.ar.m?le:.B.O_.>\.-,-/1l%|-ﬂ<'iI . - 1 [
10250 Mev ; 1 - _ ] Powerful background rejection:

exploit
- exclusive pair production of B
* narrow resolution of collision energy

AE =BE* B beam=0 (E*poam=s /2/2)
. 0~10-50 MeV, depending on mode

Envardai 10 B

beam

i Dneegy (=0 (L1, Flman e

38 T M, . (Beam-constrained mass)
: : 2 .
Signal region —Tmﬂ’_"‘ﬁeV/ c ] My =(E* ppar 2P cand? 2
3
3 First identified in B:
2 M 1 m.(2S) (Belle: PRL 89, 102001 (2002))
i bc

=35 LA L
Dol o Tl HE Hulli:-lf.'-:':- Apr'il 12’ 2004



D.;(2317),D.;(2457) in B decay (®elle 114 fb on-res: PRL 91, 262002 (2003)

In B-> DD ; {DO->K*m, K'mmm*, D™->K*m- n} 123.8M B palrs

: DSJ(2317) ->D, P

s , e
5 S ——
b $51(2457):—>DS*+HO ®)
% 10 #+ +
% “ | s
P sJ(2457) >D 4 e

f_+_ 14 l
o T
Events/(0.01 GeV)

a1 = L . — o [* i .-ill. i | — - I H ﬂ .' -T -' ‘ -' -'I -' -I -' — — — .' s -'.I'.-*;' .' :I-' "I:'.-' -'I':' ' -'I-' -'
-0.2 -0.1 0 0.1 0.2 2.2 2.3 2.4 2.5
AE (GeV) M(D,,) (Gev/c?)

M, . signal region
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(Belle 125 fb%: PRL 91, 262002 (2003))

Determine J: B-> DDSJ(2457){ ->D.y} decay angle distribution

Conser‘va.‘-lon of J : 1 | I L '|‘J._|2| LI | 1T 1T 1 |' 1 1T 1 :
flight direction 10 £ o~ ol
correlates w. spin B -
-> helicity polarizati —_ E '

> helicity polarization =~ gL 3
B(J=0) = s .
«— 0 s [ 3
D(J=0) Ds7(J20) s o0 =
P=1+ € :;'I a

supports Jr=1 S L S

w 1

.i. =

2 I~ i

0 11 ] 1 11 I“l'..'l [ |. 1 1 1 I_

=

-1 -0.5 0 0.5
cos(6p,.)
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Newly established broad D**V states
e BELLE 65M BB pairs (hep-ex/0307021 submitted to PRD)

e BY - DFx¥x¥F and BY — D*tp¥g¥

Y. Mikami,

o 140 e Tﬂ [ .
< [ ) 3 Wy
=~ — P[“ﬂ"i-’]ﬂllﬁ] : M
= 120 | W = 60 established @ 7 D1
- ”M D = L =32 1.:~=:-:t+:+r¥i H‘E?t:
= 100 | =S D, = S0} : =S D,
L, = i -
~ 80 L. . DB 2 40 F = ' D,
= - Newly Ll = C ) 2
E i found E‘", - Newly found
= 60 : DU = 30 Li = 172 vector _
[j=1/2 Previously established fA T S e Prew&l:ﬂsg‘eﬂ
I Py i establish
40 J = 3/2 tensor 20 | i =3/2 tensor
20 [ MR 10 |
z 2.2 2.3 2.4 2.5 2.6 32.7
mmm(GeV.i'c } MD,,“ o (GeVie ™)
JE M [MeV /c? I [MeV/c?]
D2 0% (3, 1/2) ]| 2308 £ 17T £ 15 4+ 28 [ 276 &+ 21 + 18 £ 60O
D% (1% (g =1/2) | 2427 £ 26 £ 20+ 15 | 384 *1{" + 24 £+ 70
Dy | 1t (5,=3/2) |242144+ 154+ 044+ 08237427+ 02+ 40
DEG ar {jq =3/2) 124616+ 21+05+33 456+ 44+ 65+1.6

These two broad states (D, D]) are first observation.

K. Kinoshita
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I |
Mass inconsistent with potential model in M (c5)

ﬂf( ) Y. Mikami, Rencontres de Moriond 2004
..-I (':E F 1 T
M (cu)
‘__; L=0 =1 L=0) L=1
& 3h, 12 172 312 “ 2g [ o 112 1/2 n
O b E o s |-
Jq E 18 ._I 0 1 (1] 1 1 . E L J 0 1 i 1 1 2
- = = b, b, 2.6 "
| =S+ Sq+L P — SR Z D\ Dy o
o I, 4 . :
B N ? 14 - s nﬂlu b 2 Dh ol
T — Rt 8 o 21 - D 2.2 J‘r:'r e
S‘é 4 L - P 4
S - § ’ .ﬂ 2 | D
C e : . f ) e | |
] l‘s -D. i bkl ki g L i i i

— Potential model prediction L8~
(Isgur and Wise, Phys Rev Lett 66(1991)1130) — Potential model prediction
_ : {Isgur, Wise, Rosner, Godfrey, Kokoski)
¢ Previously established
o Newly established D), ; states ® Previously established
o Newly established D**? states

Potential model need correction for M (c¢3) system.
— Interpretation with chiral symmetry in heavy-light meson system.

(Bardeen, Eichten, and Hill, Phys. Rev. D 68, 054024 (2003).)
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New charmonium-like state in B deca

(Belle: PRL 91, 262001 (2003))

Events/0.010 GeV

K. Kinoshit: TRTT

300

200

m B —>K*1T T J/IP

u] dntn

AE&M,,

signal region 1

X->J Iy

1.86 188 1.9 R H
ML BT} (G )

12000 w(ZS?

BMC

" M=3872.0+0.6:0.5 MeV/c?
(just above D pair threshold)

1“<2 3 MeV (90% CL)

8000

4000 — —

ﬂ_|J.~.—’|".H.Jf‘|H.T

0.40 0.80 1.20

Mz x1T) - M) (GeV)

Also searched: Bl
A <
+ + b
__>K_YXC1 -=2 Bﬂgﬂ_-f/w

0.89 (90% CL)
Y Xe2
i->|(‘—’yxcl R — =

1.1 (90% CL) PH[[|M|NﬂHY
wta—J /1

(not consistent w 3D, charmonium;
Eichten, Lane & Quigg PRL 89, 162002 (2002);

mass higher than potential model expectations)
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Summar

Charm thrives at the e*e” beauty factories!

- 2 sources, e*e"->cc, b->c >108 events each

* high Lum, clean events -> many new and unexpected results

* D mixing and CP - into interesting region of sensitivity

several methods, more to come

* rare D decays - first radiative mode

» challenges to QCD models: ¢ production, spectroscopy
charm and double charm - rates ~ 10X prediction
new D, states - fit j=1/2, except masses
new D states - fit j=1/2 - something strange about s
"charmoniumlike" - what is it?

More to come - luminosity, expanded studies - stay tuned!
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